The cardiac findings in two sibs with Friedreich's ataxia are described. The clinical signs were suggestive of hypertrophic obstructive cardiomyopathy. During left heart catheterization a systolic pressure gradient across the left ventricular outflow tract could be provoked by an infusion of isoprenaline. Left ventricular angiocardiograms and echocardiograms showed gross thickening of the interventricular septum. In one patient a systolic anterior movement of the anterior leaflet of the mitral valve was seen. The importance of serial echocardiographic examination for patients with Friedreich's ataxia is emphasized.
The association of myocardial disease with the neurological signs of progressive ataxia has been known for many years. In his original publication Friedreich (1863) mentioned 'severe fatty degeneration of the musculature of the left ventricle' in his necropsy report on 3 patients. That this association is almost invariable is shown by the pathological findings in 16 cases reported by Hewer (1969) . All hearts examined were abnormal and showed muscle fibre hypertrophy and interstitial fibrosis. The high incidence of cardiac involvement in postmortem series may be explained by the fact that the vast majority of patients with Friedreich's ataxia die from cardiac complications, mainly intractable cardiac failure or rhythm disturbances, rather than from their neurological disorder. In clinical series electrocardiographic changes are usually described as the first sign of cardiac involvement, often several years before the development of cardiomegaly and heart failure.
Little attention has been paid to the haemodynamic findings in this rare and ill-understood neurocardiac syndrome. Right heart catheterization usually does not show any significant abnormality. Recent reports (Soulie et al., 1965; Boehm, Dickerson, and Glasser, 1970; Gach, Andriange, and Franck, 1971) on left heart catheterization and angiocardiography have indicated that there is a striking similarity between the findings in the cardiomyopathy of Friedreich' The phonocardiographic pattern of the murmur ( Fig. 1) was diamond-shaped with its maximum intensity just before the middle of systole (defined as the interval from the first sound to the aortic component of the second sound). A loud atrial sound at the apex coincided with a prominent a wave on the apex cardiogram. A third sound was also recorded. The shape of the external carotid tracing was normal and did not show a pseudo-incisura. After the inhalation of amyl nitrite the intensity of the systolic murmur increased conspicuously. The downstroke on the carotid tracing became abrupt and the incisura less distinct.
The electrocardiogram (Fig. 2) showed regular sinus rhythm, a mean QRS axis of + 700, a prominent P wave (3 mm) in II, and tall R waves in V5 (30 mm) and V6 (24 mm). Sharply inverted T waves were seen in II, III, aVF, V4, V5, and V6. The chest x-ray film was within normal limits.
Cardiac catheterization ( 3) showed several features characteristic of hypertrophic obstructive cardiomyopathy. The frontal view showed a small slit-like ventricular cavity in the end-systolic phase, a grossly thickened ventricular wall, and some indentation of its left upper portion in diastole. In the lateral systolic view a sharp angulation between the apex and the outflow tract was seen. The latter was narrowed by bulging of the hypertrophied interventricular septum opposite the anterior leaflet of the mitral valve. In diastole the narrowed subvalvar zone appeared as an inverted cone. There was no mitral regurgitation. The coronary arteries were lrge and dilated.
The echocardiograml (Fig. 4 produced by septal hypertrophy, and the displaced anterior leaflet of the mitral valve.
The echocardiogram (Fig. 6) showed a thickened interventricular septum (17 mm in end-diastole and 23 mm in systole) with a normal posterior left ventricular wall (10 mm). The septal/posterior left ventricular wall ratio was thus 1-7:1. The transverse dimension of the left ventricular cavity (36 mm) was at the lower limit of normal. In contrast with the previous patient no systolic anterior movement of the mitral valve was observed, nor could it be provoked by inhalation of amyl nitrite.
Discussion
In 2 sibs with Friedreich's ataxia signs characteristic of hypertrophic cardiomyopathy were found. A moderately loud midsystolic murmur was heard at the lower left sternal border and the apex. Its intensity increased after inhalation of amyl nitrite. An atrial sound and a prominent a wave on the apex cardiogram suggested decreased left ventricular compliance. In the older brother raised right and left ventricular end-diastolic pressures were recorded. At rest there were no gradients across the ventricular outflow tracts. During isoprenaline infusion, however, one patient developed a 70 mmHg pressure gradient, and the other a 35 mmHg gradient between the left ventricle and the aorta. Left ventricular angiocardiograms showed the radiological changes usually seen in hypertrophic obstructive cardiomyopathy (Cohen et al., 1964: Simon, Ross, and Gault, 1967) .
As far as we know, echocardiographic studies in this condition have not been published. In both patients the most striking feature was the gross thickening of the interventricular septum with an abnormal septal/posterior left ventricular free wall ratio of 1-4:1 in the older and 1-7:1 in the younger brother. In normal subjects, in fixed left ventricular outflow obstruction, and in miscellaneous heart diseases, Henry, Clark, and Epstein (1973a) found that this ratio was approximately 1:1. In all 15 patients with 'idiopathic hypertrophic subaortic stenosis', including 7 patients without a gradient under basal conditions, examined by these authors, the ratio exceeded 1-3:1. In both our patients the end-diastolic transverse dimension of the left ventricle was reduced (26 mm in one and 36 mm in the other patient) as compared with the measurements in normal subjects (Henry et al., 1975) . Finally, in the older patient, who was more severely affected, a characteristic systolic anterior movement of the anterior mitral valve leaflet, as described in
group.bmj.com on June 16, 2017 -Published by http://heart.bmj.com/ Downloaded from hypertrophic obstructive cardiomyopathy (Shah, Gramiak, and Kramer, 1969; Pridie and Oakley, 1969) and in asymmetrical septal hypertrophy (Henry et al., 1973a (Henry et al., , 1975 was seen. The amplitude and duration of this abnormal valve movement could be greatly enhanced by the inhalation of amyl nitrite (Fig. 5) . In the other patient no such valve movement could be recorded under basal conditions, nor could it be provoked.
Obviously the obstructive character of the cardiomyopathy in Friedreich's ataxia may easily be missed if not specifically looked for. Thoren (1964) , who reported the results of right heart catheterization in 17 patients, mentioned raised enddiastolic pressures and a prominent a wave in the most advanced cases. Though he found no significant gradients across the infundibulum (left heart catheterization and pharmacological tests were not performed), he commented on the gross right ventricular hypertrophy and systolic narrowing of the infundibulum. This made him speculate that 'there is reason to compare this myocardial disease with the co-called stenosing and isolated myocardial hypertrophy '. Soulie et al. (1965) were probably the first to observe outflow tract obstruction in patients with Friedreich's ataxia. In 1 of the 4 patients who underwent cardiac catheterization, a gradient in both the right and left ventricular outflow tracts was found. In one patient Moore and Lambert (1968) found normal pressures under basal conditions but were able to provoke gradients in both outflow tracts by an infusion of isoprenaline. A similar observation was reported by Boehm et al. (1970) and by Gach et al. (1971) . In the latter study the diagnosis of obstructive hypertrophic cardiomyopathy was confirmed by right and left ventricular angiocardiograms. They showed dynamic infundibular narrowing in the right ventricle and a funnel-shaped subvalvar stenosis in the left ventricle, produced by encroachment of a thick interventricular septum and an anteriorly displaced anterior leaflet of the mitral valve. A slight degree of mitral regurgitation was noted.
That outflow tract obstruction is not invariably associated with Friedreich's cardiomyopathy is borne out by the report of Ruschhaupt, Thilenius, and Cassels (1972) . Having observed one child with severe hypertrophic subaortic stenosis, they undertook a haemodynamic study in 5 other children with Friedreich's ataxia. Right and left heart pressures were normal in all patients. Only in one patient could a 40 mmHg pressure gradient across the left ventricular outflow tract be induced by an infusion of isoprenaline.
It is very unlikely that the occasional occurrence of outflow tract obstruction in Friedreich's ataxia is related to any specific metabolic or neurogenic disturbance in this condition. Obstructive cardiomyopathy has indeed been described in the course of various disorders which, as far as we know, have no common aetiological basis. Sporadic examples have been reported in association with glycogen storage disease (Ehlers et al., 1962) , lentiginosis (Somerville and Bonham-Carter, 1972 ), Noonan's syndrome (Ehlers et al., 1972) , and Refsum's disease (Pernot, Tridon, and Henry, 1973) . From these cases and from a number of reports on cardiomyopathy in Friedreich's ataxia, including our own observations, it appears that the haemodynamic and angiocardiographic features are indistinguishable from those seen in isolated hypertrophic obstructive cardiomyopathy, whether familial or sporadic. One is entitled, therefore, to consider the obstructive 'reaction' as non-specific. It probably reflects the severity of the myocardial hypertrophy, whatever the cause, and particularly its distribution within the myocardium. It is generally agreed that major involvement of the interventricular septum produces asymmetrical hypertrophy and therefore tends to cause left ventricular outflow obstruction (Goodwin and Oakley, 1972; Henry, Clark, and Epstein, 1973b) whereas thickening of the free wall of the left ventricle would lead to non-obstructive hypertrophic cardiomyopathy. In the present study and on previously published left ventricular angiocardiograms (Gach et al., 1971) , hypertrophy of the interventricular septum seemed to be a striking feature. Furthermore, the echocardiograms in our patients showed the characteristic abnormalities of asymmetrical septal hypertrophy (Henry et al., 1973a) . In the older patient, in whom the disease was more advanced, echocardiographic evidence of left ventricular outflow obstruction at rest was found.
One may speculate that our patients represent two stages of a slowly progressive form of hypertrophic cardiomyopathy characterized by asymmetrical septal hypertrophy and a variable degree of left ventricular outflow obstruction. More follow-up studies in a larger number of patients with Friedreich's ataxia are needed to corroborate this view. Because it is noninvasive, echocardiography seems to be the method of choice for these future studies.
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